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PREFACE

Biological Effects of Nonionizing FZectronagnetic Radiation
is a publication researched and prepared by the Franklin
Research Center, Science Information Services Organization,
under contract to the National Telecommunications and Infor-
mation Administration (NTIA); funding provided by the U.S.
Navy under interagency agreement with NTIA.

This digest serves as a vehicle through which current
documentation of research highlights on the biological
effects and health implications of nonionizing electro-
magnetic radiation (microwave and other radio frequency
radiation) are compiled, condensed, and disseminated on
a regular basis. Biological Effects of Nonionizing
EZectromaqnetic Radiation is intended to be a highly
useful current awareness tool for scientists engaged
in research or related activities. The great number
and diversity of relevant publications make imperative
the availability of the service to persons whose work
requires that they keep abreast of current developments
in the field.

Biological Effects of Nonionizing Electromagnetic Radiation
is published quarterly. The issues of Volume IV, and future
volumes, will include materials received during the preceding

three months. Each issue will include news items and
announcement*, a listing of meetings and conferences,
abstracts of current literature, and a directory of current
research. Materials for which full text is not available
will be Included as summary abstracts.
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ABBREVIATIONS AND ACRONYMS

A, amp - ampere(s) NBS - National Bureau of Standard

- angstrom(s) NIH - National Institutes of Health
NSF - National Science Foundation

BRH - Bureau of Radiological Health NSH - National ins e For
C - entiradeNIOSH National Institute for

C- centigrade Occupational Safety and
cm - centimeter(s) Health
cps - cycles per second NTIA - National Telecommunications
dB-decibel(s) and Information Administration
EPA - Environmental Protection Agency NTIS - National Technical Information
FDA - Food and Drug Administration Service
g - gram(s) Oe - oersted(s)
G - Gauss OSHA - Occupational Safety and Health
GHz - gigahertz Amnsrto

HEW - Health, Education, and Welfare Administration
hr - hour Policy

SHz - hertz PHS - Public Health Service
IEEE - Institute of Electronic and rad - radiation absorbed dose

Electrical Engineers R - roentgen(s)
IMPI - International Microwave Power r - roentns

Instituterpm - revolutions per minute
In tiol usec - second(s)

IU international unit(s) USAFSAM - U.S. Air Force School of
k joule(s) Aerospace Medicine

- liter-) USDA - U.S. Department of Agriculture
I liter(s) UV - ultraviolet
m - meter(s) V - volt(s)
m - milli-- VA -Veterans Administration
M - mega-- W -watt(s)
mho - unit of measurement of Wb - Weber(s)

conductivity WHO - World Health Organization
min - minute(s) wk - week(s)
mo - month(s) wt - weight
n - nano-- yr - year(s)

- micro--
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NEWS ITEMS

SCIENTIST DISPUTES USE OF SAR IN THE abstract submission form from the Bioelectromag-
DEVELOPMENT OF THE CS SAFETY STANDARD netics Society, P.O. Box 3651, Arlington, VA 22203.

REVISION Abstracts submitted by nonmembers must be spon-
sored by at least one BEMS member. May 1, 1980
Is the deadline for submission of abstracts.

Allan H. Frey of Randomline, Incorporated of Hunt Bioeleom,,e tic Society Newsletter, (10): 1;
ingdon Valley, PA, in a recent letter appearing in November, 1979.

the Bioelectromagnetics Society Newsletter, dis-
puted the use of the specific absorption rate (SAR)
concept as a fundamental assumption underlying
the deve!opment of the proposed revision of the
C95 safety standard. Mr. Frey explained that the NEW YORK AGENCIES TO INVESTIGATE HARMFULSAR concept assumes that the only mechanism whereby EFFECTS OF A POWER LINE ON RESIDENTS

microwaves and other radio frequency energies can
effect biologic systems is by the volume heating
of a homogenous mass of tissue, and since the con- Two New York state agencies have agreed to conduct
cept is nothing more than a calculated .-ibsorptiot a detailed study of the possible hazards that resi-
rate in a tissue mass, it is doubtful whether the dents of northern New York face from a nearby 765-
SAR has any relevance to the bioloSic rganism kV power line, which has been In operation for

at incident power densities <10 mW/cm2. r. Frey about 1.5 yr carrying Canadian electric power to
also disagrees with a secondary assumption that New York. The agreement, between the New York
70 MHz, the frequency for maximum energy absorp- State Public Service Commission (PSC) and the New
tion, is also the frequency for maximum sensitiv- York State Power Authority (PA), calls for the PA
ity. He suggested that the biologic effects of to spend as much as $50,000 on a preliminary study
low intensity energy observed at much higher fre- to outline the full-scale research effort. The
quencies would not necessarily have occurred at New York State Department of Health will assist
lower power densities at the 70-MHz region of the with this study. Following the preliminary study
spectrum. Lastly, Mr. Frey considered that the and outline, research will be conducted to deter-
use of the SAR concept in the proposed revision mine the possible harmful effects on humans and
would ignore the effects of modulation and peak animals living near the line, which runs from near
power. He added that some of his observations were Massena on the U.S.-Quebec border to Utica, NY.
supported by the results of a working group study, The upper cost limit of the study will be about
which met in February 1979. Mr. Frey concluded $5 million, which Is approximately 2% of the line's
that "the assumption underlying the SAR concept construction cost. Francis Rlvett, a spokesmen
renders it of little relevance to biological ef- for the PSC, explained that the agreement provides
fects of low intensity or modulated energy which funds for a laboratory study, with no experimental
we are studying now. The application of the SAR work on humans. Mr. Rivett added that the commis-
concept in such studies is grossly misleading for sion is Interested in finding out "what, if any"
both biologists and Regulators." effects are producei by the electric and magnetic

Bioelectromagnetics Society Newsletter, (10): 1; fields generated by the line.

November, 1979. Wall Street Journal, p. 12;

December 26, 1979.

BIOELECTROMAGNETICS SOCIETY ANNOUNCES
FIRST CALL FOR PAPERS FOR THE 1980

SECOND ANNUAL MEETING
ANNUAL EUROPEAN MICROWAVE CONFERENCE-

A CONTINUED SUCCESS

The Bioelectromagnetics Society (BEMS) has an-
nounced the first call for papers for the 1980
BEMS Second Annual Meeting to be held September Since the first European Microwave Conference took
14-18, 1980 in San Antonio, TX. Original papers place in London In 1969, the venture has enjoyed
are solicited for presentation in English (via an expanded scope and prosperity beyond what Its
platform or a poster session) on the interaction organizers might have originally projected. Theof electromagnetic energy (from 0 Hz through visible 1979 conference, organized by Microwave Exhibitions

light frequencies) and acoustic energy with bi- and Publishers Limited, under the direction of
ologic systems. Areas of interest include: be- Roger C. Marriott, was attended by 720 delegates;
havioral, physiologic, neurologic, endocrine, In addItion, 320 seperately registered delegates
developmental, cellular and ultrastructural, attended a workshop. The conference consisted of a
and genetic effects; dielectric properties ot bi- full week of activities running from the 17th to
ologic materials; electric field effects; exposure the 21st of September. The program included a 4-
systems; dosimetry; diagnostic and therapeutic day session of formal technical paper presentation,
applications; interactive mechanisms; instrumenta- generally requiring parallel sessions, followed by
tion; hyperthermia; and field pertubations. Au- a I-day workshop. A trade show ran coincident
thors wishing to submit papers should request an with the 4-day technical presentation, with approxl-
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mately 130 exhibitors, representing 241 companies. LATEST 89HPUBLICATIONS SUBJECTIND
In addition, the technical comittee, headed by 1SRELEASED
Professor Peter Clarricoats, arranged for the pre-
sentation of papers by authorities in the microwave
field. The Invited papers were presented in ad- The latest BMR PuZicatione Subject Ind"x (HEW Publi-
vance of the technical session to avoid conflicts cation [FDA] 80-8070) has been issued by the BUN.
with other iresentations. Jochen Edrich of the This publication supersedes HEW Publication (FDA)
University of Denver, Colorado presented a paper 79-8070. The Subject Index, an abbreviated version
on the use of microwaves for diagnosing and treat- of the BRH PubZications Index, is revised and pub-
Ing cancer. Other topics discussed included papers lished several times per year and distributed an-
on microwave bipolar transistors, microwave com- nually. The Subject Index identifies publications
munications from outer planets, and microwave holo- by broad subject areas providing titles and FDA
graphic Imaging. Having grown from a fledging publication series access numbers as part of a BRN
technical papers session to its present status, national program to control unnecessary human ex-
the European Microwave Conference now plans a full posure to potential hazardous ionizing and non-
professional and industrial conference annually. ionizing radiation. To obtain information on the
Future conferences are scheduled as follows: 1980-- current availability of the BRI! Publications Subject
Warsaw, 1981--Amsterdam (with a trade exhibit), Index contact the BRH Technical Information Staff
1982--Helsinki, and 1983--Brussels (with a trade (HFX-28), 5600 Fishers Lane, Rockville, Nd 20857 or
exhibit). (301) 443-3532.

Mi.cr ve J 22(11): 37-38, 40, 42-43; 1979. HEW Publication (FDA) 80-8070, October 1979.

BRH AND OSHA HOLD WORKSHOP ON
RF SEALERS NINTH SUPPLEMENT TO THE BIBLIOGRAPHY

OF MICROWAVE AND RF BIOLOGIC EFFECTS
IS AVAILABLE FROM NTIS

More than 100 users, manufacturers, staff members
of federal agencies, and representatives of employee The Ninth Supplement to the Bibliogr
and trade associations and public interest groups _ph of Hieeo-
attended the BRH and the Occupational Safety and wave and RF Biologic Effects (DHEW [NIOSHJ Publi-

Health Administration's (OSHA) open workshop on cation No. 78-126), which lists approximately 575
radio frequency (RF) sealers. The workshop was additional references that were published up to

held September 12-13, 1979 in Washington, DC to September 1977, brings the total number of refer-
discuss the potential hazards associated with ences of the world's literature concerning the
the use of RF sealers, heaters, and gluers, biologic responses to microwaves (MW) and other
and to obtain information on techniques for radio frequencies (RF) to more than 4,600. In this
controlling or eliminating hazards to person- Bibliography, particular attention is paid to the
nel from these devices. The types of RF devices effects of MW and other RF on humans. The scope
discussed generally operate at a frequency between was broadened slightly from previous editions to
3-100 MHz and include heat sealers, fusers, mold- include references to biologic studies of pure
ers, fasteners, and embossers; high frequency seal- electric or magnetic fields, extremely low fre-
ers and dryers; electronic and electromagnetic quency fields, and ultrasound. Other entries cite
sealers and welders; and dielectric heaters. Among biomedical studies involving electromagnetic pulse
the specific topics addressed were: 1) measure- radiation, high voltage photography, biologic do-
ment of stray electric and magnetic field inten- simetry, the effects of electromagnetic radiation
sities generated by RF sealers, 2) biologic ef- (EMR) on cardiac pacemakers, EMR therapeutic ap-
fects of RF exposures at frequencies between 3-100 plications, MW exposure regulations and standards,
MHz, 3) the near-Field conditions that exist dur- tissue fixation, insect control, and electroanes-
ing these exposures and the resultant difficulty thesla. The citations are arranged alphabetically
of measuring the exposures and predicting possible by author with sufficient information to retrieve
adverse effects on exposed persons, 4.) RF radia- the original document. Relevant presentations at
tion measurement equipment and techniques that technical meetings and anonymous reports are also
can be used at these frequencies, 5) procedures cited, but in separate sections in the Sulffement.
or techniques available for the control of stray The Bibliography of Reported Biological Pnenomena
RF emissions, and 6) possible initiatives of feder- (Effect8) and Clinical Manifestatione Attributed
al agencies regarding the control of RF-emitting to icromeve and Radio-Prequency Radiation: Ninth
devices. Representatives of the BRH, OSHA, NIOSH, Supplement to Bibliography of Microwave and RF
the Federal Communications Commission, Canada's Biologic Effect8 is an up-dated listing of the

I LDepartment of Health and Welfare, and the Univer- Naval Medical Institute Research Report No. 2,
sity of North Carolina's Occupational Safety and which was completed under Research Work Unit MFl2.
Health Center presented talks on these subjects. 524.-15-0004B, October 1971. The Bibliography Is
The workshop was adjourned following a discussion available from the National Technical Information
session. Service, Springfield, VA 22151.

, BRH Bulletin 13(20): 2-3; 1979. DHEW (NIOSH) Publication 78-126.
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Biolobical Effects of Nonionizing Electrognw tc
Radiation 11/3), March 1M NEWS

FDA PROPOSES REGULATIONS FOR TWO the Patent Recognition Ceremony held in October
MICROWAVE DIATHERMY DEVICES 1979. Mr. Zanboorle's patent for a switch failure

monitoring device has been incorporated Into micro-
wave ovens as an additional safety feature that

The FDA has issued for public comment two proposed renders the oven Inoperative if either of the

regulations that classify both microwave (MW, 915- oven's two required safety interlocks fails to

2,450 MHz) and shortwave (pulsed or continuous elec- operate. E. W. Robinson, A. Van do Griek, Jr.,

tromagnetIc energy from 13 to 27.12 MHz) diathermy and R. W. Kisielewski were honored for their posi-

devices into class ii (performance standards) for use tive position interlock concealment shutter. This

in applying therapeutic deep heat and into class III device conceals and prevents intentional or ac-

(premarket approval) for all other uses. The Phys- cidental defeat of a safety interlock switch on

ical Medical Device Classification Panel has recom- microwave ovens. G. Kantor was honored for a

mended that both MW and shortwave diathermy de- direct contact microwave diathermy applicator that

vices be classified into class II. Class II pro- consists of a rectangular wavegulde loaded with

vides for the future development of one or more two parallel teflon seals. The configuration of

performance standards to assure the safety and ef- the applicator Induces an approximately uniform

fectiveness of the device, while class III provides heating pattern over a substantial portion of the

for each manufacturer to submit to FDA a premarket treated tissue area and minimizes potentially harm-

approval application at a date to be set in a future ful scatter radiation.

regulation. The Agency believes that performance BRH BuZetin 13(21): 4-6; 1979.

standards for MW and shortwave diathermy devices
are necessary because general controls are insuffi-
cient to prevent the risks to health presented by
these devices. Performance standards would pro-
vide reasonable assurance of the safety and ef-
fectiveness of these devices. The FDA believes ITEMS FROM THE COMMERCE BUSINESS DAILY
that sufficient information is available to es-
tablish performance standards for both devices,
and will issue a final regulation for classifying
these devices after considering public comments. 0 A CRITICAL APPRAISAL OF THE BIOLOGIC

Fed Regiet 44 (168): 50511-50513; 1979. EFFECTS OF EXPOSURE TO MICROWAVE AND
OTHER RADIO FREQUENCIES.

The Environmental Protection Agency, Headquarters
Procurement Operations, Procurement Section C (PM-
214-C), Crystall Mall #2, Room 1022A. Washington,

INVENTORS HONORED BY BRH DC 20460 is negotiating with the National Academy of
Sciences, 2101 Constitution Avenue, Washington. OC
20418 for this study on the critical appraisal of

Mohammed H. Zanboorie, Earl W. Robinson, Albert the biologic effects due to exposure to radio

Van de Griek, Jr., Richard W. Kisielewski, and frequency waves including microwaves. (October 19.
Gideon Kantor were among the 22 members honored at 1979)

3!
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MEETINGS AND CONFERENCES

INTERNATIONAL RADIATION PROTECTION THIRD INTERNATIONAL SYMPOSIUM ON
ASSOCIATION FIFTH CONGRESS CANCER THERAPY SY HYPERTHERMIA,

DRUGS, AND RADIATION

Date: March 9-14. 1980 Date: June 22-26, 1980
PZace: Jerusalem. Israel: Jerusalem Convention PZace: Fort Collins, CO: Colorado State University
Center Sponsor: National Cancer Institute, Colorado Ameri-
Sponsor: Israel Health Physics Society, Interna- can Cancer Society, Journal National Cancer Institute,
tional Radiation Protection Association (IRPA) University of Utah, Colorado State University
Requests for Information: Israel Health Physics Requests for Inforation: Office of Conferences £
Society, c/o Soreq Nuclear Research Center, Yavne Institutes, Rockwell Hall, Colorado State University,
70600, Israel Fort Collins, CO 80523
Content: Sessions will cover all aspects of pro-
tection against ionizing and nonionizing radiation Seeted Bibiography of Papers to be Presented:

HYPERTHERMIA AND ELECTRON AFFINIC COMPOUNDS.

G. E. Adams

HEAT TRANSFER MECHANISMS AND THERMAL DOSIMETRY.
15th ANNUAL MICROWAVE POWER SYMPOSIUM H. F. Bowman

APPLICATIONS OF MICROWAVE, ULTRASOUND AND RADIO-
FREQUENCY HEATING IN VIVO. J. Hunt

Date: may 6-9, 1980 PHYSIOLOGICAL CONSIDERATIONS. C. W. Song
PZaoe: Ames, IA: University Iowa
Sponsor: International Microwave Power Institute CLINICAL LOCAL HEATING--RF. J. H. Kim
(IMPI)
Requests for Information: Dr. Glen Fanslow, Depart- CLINICAL LOCAL HEATING--RF. K. Storm
ment of Electrical Engineering, Iowa State Univer-
sity, Ames, IA 50010 CLINICAL LOCAL HEATING--MICROWAVES. R. M. Scott
Content: Technical sessions and short courses will
be presented. Topics will include new technical CLINICAL LOCAL HEATING--RF--INTERSTITIAL. N. L.
contributions in noncommunication areas of radio M. Boone, N. Manning
frequency and microwave power such as biomedical
applications; biologic effects on humans, animals, CLINICAL TECHNIQUES AND RESULTS FOR WHOLE BODY
and microbiologic systems; chemical and plasma pro- HYPERTHERMIA. T. Herman, L. Parks, W. Levin,
cess; combination thermal and microwave food cooking H. Reinhold
systems; radio frequency and microwaves In the food

industry; consumer microwave oven usage patterns;
and industrial radio frequency and microwave sys-
tems and applications

INTERNATIONAL SYMPOSIUM ON THE
BIOLOGIC EFFECTS OF ELECTROMAGNETIC

WAVES

1980 IEEE/MTT-S INTERNATIONAL
MICROWAVESYMPOSIUM Date: June 30-July 4, 1980

PZace: Near Paris, France: Centre Superieur
d'Enseigment des Affalres (CESA), Near Paris, France
Sponsor: International Union of Radio Science (URSI).

Comite National Francals de Radioelectricite Sclenti-
* Date: May 28-30, 1980 fique (CNFRS), International Protection Agency, Blo-

Place: Washington, DC: Shoreham-Americana Hotel electromagnetics Society
Sponsor: Institute of Electrical and Electronics Requests for Information: N. A. J. Berteaud. CNRS,

* Engineers (IEEE)--Microwave Theory & Techniques 2, rue Henry Dunant, 94320 THAIS. France. + Requests for Information: B. Shelag. Arrangements Content: Topics will include the interactions of
Chairman, Naval Research Laboratory, Code 5251, electromagnetic fields with biologic systems; the
Washington, DC 20375 industrial and domestic uses of electromagnetic radi-
Content: Topics will cover the expected growth in ations; dielectric properties of living matter; dosi-
microwave technology in the 1980s and will Include metry; molecular and cellular effects; physiologic.

, microwave and millimeter wave devices, microwave physiopathologic, and genetic effects; behavioral
acoustics, communication systems, field and network effects; and medical applications, such as hyper-
theory, and bloeffects. thermla and microwave thermography

I -... .
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MEETINGS AND CONFERENCES Radton V3, March 18W

UIOELECTROMAGNETICS SOCIETY SECOND Content: Sessions will cover the biologic effects of
ANNUAL MEETING electromagnetic radiation

Date: September 14-18. 1980
Place: San Antonio. TX: El Tropicano Hotel
Sponsaor: Bioelectromagnetics Society FOURTH INTERNATIONAL ELECTROMAGNETIC

Requests for Information: Bioelectromagnetics COMPATIBILITY SYMPOSIUM

Society, P.O. Box 3651, Arlington, VA 22203
Content: Topics will cover the Interaction of
electromagnetic energy and acoustic energy with
biologic systems, including behavioral, physiologic, Date: March 10-12, 1981

neurologic, endocrine, developmental, genetic, and Place: Zurich, Switzerland: Federal Institute of

cellular and ultrastructural effects. Also included Technology

are the dielectric properties of biologic materials, Sponsor: Association of Swiss Electrotechniclans

electric field effects, exposure systems, dosimetry, Requests for Information: Dr. T. Dvorak, ETH Zen-

diagnostic and therapeutic applications, interactive trum-KT, 8092 Zurich, Switzerland

mechanisms, instrumentation, hyperthermia, and field Content: Topics will cover the protection of the

pertubations electromagnetic environment and will Include the
social and economical impact of electromagnetic
compatability (EMC); electromagnetic pollution.
control, and enforcement; national and international
cooperation in EMC; immunity of electronic systems;
EMC of communications, electric power, and auto-

FIFTH INTERNATIONAL WROCLAW SYMPOSIUM motion; EMC hazards to vital safety systems; com-
ON ELECTROMAGNETICCOMPATIBILITY patability of medical electronics; biologic effects

of radio frequency energy; and shieldings and absorp-

tive materials

Date: September 17-19, 1980
Place: Wroclaw, Poland: Wroclaw Technical Univ.
Sponsor: Association of Polish Engineers, Wroclaw
Technical Univ., Inst. of Telecommunications, Polish
Acad. of Sciences, International Union of Radiosci- TENTH L. H. GRAYCONFERENCE
ence (URSI), International Electrotechnical Commis-
sion (IEC)
Requests for Information: W. Moron, Symposium Secre-
tary General, EMC Symposium, 51-645 Wroclaw 12, Date: July 13-16, 1981
Poland. Place: Oxford, England

Content: All aspects of electromagnetic compati- Sponsor: Institute of Cancer Research
bility will be covered. Specific topics will in- Requests for Information: Dr. R. C. Hill, Institute
clude immunity and susceptihility; national and of Cancer Research, Royal Marsden Hospital, Sutton,
International cooperation in establishing regula- Surrey, England
tions, limits, standards, and specifications; harm- Content: The biology and biophysics of radio fre-
ful effects of radio frequency energy: and shielding quency, microwave, and ultrasonic radiation will be
and filtering reviewed, particularly with respect to their poten-

tial therapeutic value

FIFTH INTERNATIONAL CONFERENCE ON
INFRARED AND MILLIMETER WAVES 20th GENERAL ASSEMBLY OF THE URSI

nate: December 8-12, 1980 Date: August 10-19, 1981

Place: Wurzburg, West Germany Place: Washington, DC: Hyatt Regency Hotel
Sponsor: Institute of Electrical and Electronics Eng- Sponsor: International Union of Radio Science (URSI)
ineers (IEEE)--Microwave Theory & Techniques Society Requests for Information: Executive Secretary. R. Y.

Requests for Inforation: K. J. Button, MIT National Dow, National Academy of Sciences. 2101 Constitution
Magnetic Laboratory, Cambridge, MA 02139 Ave., N.W., Washington, DC 20418 or (202) 389-6478

i6



CURRENT RESEARCH

0553 MECHANISMS OF MICROWAVE NEURAL INTER- sham exposed, or will serve as neutral controls.
ACTION. Durney, C. H. (Dept. Electrical Serum from infected animals will be collected by

Engineering, Sch. Engineering, Univ. Utah, Utah cardiac puncture at 7- to 10-day Intervals after
Higher Education System, 1400 E. 2nd St., Salt the injection. The serum will be analyzed to de-

Lake City, UT 84112). termine antivaccinia antibodies by vaccinia neu-
tralization, antibody-dependent cell-mediated im-

Research is being conducted to explore the mechan- mune responses (using spleen lymphocytes),

isms that cause responses to low-level microwaves macrophage immunity, and lymphocyte killer cell

in neural substrates and to study the interactive immune mechanisms. (funding period 0/79-n/a)
mechanisms that are operative when electromagnetic
fields (EHF) come In contact with critical nerve Supporting Agency:U.S. Dept. Defense: Navy, Office

substrates. The first part of the study will be Naval Res.
concerned with nerve terminal stimulation and trans-
mitter release. Synaptosomes (pinched-off pre-
synaptic terminals of neurons) will be isolated 0556 RADIO FREQUENCY/MICROWAVE TERATOGENIC
from whole rat brain. Horseradish peroxidase will EFFECTS STUDY. Conover, D. (Div. Bio-
be used as a tracer to determine if the EMF causes
damage. The second part of the study will involve medical and Behavioral Science, EW, PHS, Center for

the effects of EMF on receptor binding molecules Disease Control, NIOS , 4676 Columbia Pkwy., Cin-

for several neural transmitters. (funding period cinnati, OH 45226).

n/a) A follow-up study will be initiated to determine

Supporting Agency:U.S. Dept. Defense: Navy, Office the thermal threshold for production of terato-Naval Res. genic effects in rats. Groups of prcgnant rats
will receive continuous high-intensity whole-body

27.12-MHz radio frequency (RF) radiation on the
gestation day when maximal teratogenic effects are

0554 BIOLOGICAL EFFECTS OF MICROWAVE RADIATION induced, and exposures will be discontinued as
(RABBITS). Eisenbud, M. (Dept. Environ- the animals reach a preselected temperature of 39,

mental Medicine, Sch. Medicine, New York Univ., 40, 41, 42, or 43 C. In a second study, pregnant
550 Ist Ave., New York, NY 10016). rats will be irradiated on the same gestation day

for longer periods of time at lower power levels
This project Is part of a broader program to to assess the influence of irradiation time on
study adverse health effects (from acute to the acute thermal threshold level. A total power
chronic) from environmental factors, such as absorption analyzer is being developed that will
microwaves. The general objectives of the re- be used in conjunction with the NIOSH RF Near-
search are to define the nature and extent of Field Synthesizer to perform bioeffects research
such effects with the aim of Instituting appro- from 10 to 100 MHz. The analyzer will be used to
priate preventive or control procedures. The re- noninvasively determine the absorbed RF power to
search includes: laboratory studies on the bio- aid in extrapolating the results of animal bio-
chemical mode of action of environmental toxicants, effects studies to humans. Extrapolation of the
exploratory studies aimed at improving the reli- results of animal bioeffects studies to humans
ability and efficiency of predictive toxicologic will be useful in setting maximum permissible per-
tests, improvement uf diagnostic procedures for sonnel RF/microwave exposure levels. (funding
diseases possibly related to environmental factors, period 10/76-9/80)
epidemiologic investigations, and field studies on
the distribution of pollutants. (funding period Supporting Agency:ltEW, PHS, Center Disease Control,
1/77-12/79). NIOSH

Supporting Agency:HEW, PHS, NIH, NatI. Inst. En-
vironmental Health Sciences

0557 INVESTIGATION OF THE FACTORS DETERMINING
MICROWAVE ABSORPTION IN NORMAL AND MALIG-

NANT TISSUE. Grant, E. H.; Sheppard, R. J.; Szwar-
0555 EFFECTS OF ELECTROMAGNETIC ENERGY ON THE nowski, S. A. (Dept. Physics, Queen Elizabeth Coll.,

IMMUNE SYSTEM OF ANIMALS. Cain, C. A.; Univ. London, Campden Hill Rd., London W8 7AH,
Tompkins, W. (Dept. Electrical Engineering, Sch. England).
Engineering, 207 Engineering Hall, Univ. Illinois,
Urbana Champaign Campus, Urbana, IL 61801). Methods of optimizing the absorption of microwave

energy by malignant tissue to achieve differential
The effects of electromagnetic (EM) fields on the heating are being devised. Thus, the project in-
immune response in mammals will be Investigated volves both the development of methods of launching
and quantitative relationships between threshold microwaves Into a tumor and the measurement of the
and suprathreshold exposure parameters and ob- dielectric properties of normal and malignant tissue

- served immunologic alterations will be determined, to determine a frequency region where microwave radi-
Young adult hamsters (8-10 wk old) will be in- ation is absorbed differentially by malignant cells
fected intraperitoneally with vaccinia virus. The at the expense of normal cells. The microwaves will
Infected animals will either be exposed to EM fields, be propagated Into the tissue using a probe or applil-
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cator with a small diameter coaxial line mounted See Current Research 0473 for description of tois
in a hypodermic needle. Matching experiments will research. (funding period 6/7S-7/aO)
be carried out using bolus material and measure-
ments of standing wave ratio will be made for various Supportinci Agenc/: iEW, P1-S, :41h, Nail. Inst. Arth-
sized applicators. Measurements of the electric pro- ritis, Metabolism, G Diyestiv: Diseases
perties of normal and malignant tissue will be made
with a Time Domain Spectrometer (TDS) as well as
by the more conventional frequency domain tech-
niques. The electric permittivity and conductivity 0560 MORTALITY, KEPROOUCTIVE AIJU INDUbTRliL
of solid tissue and cell suspensions over a fre- HYGIEiJE STUDY OF WORKERS EXPOSED TO 11W-RF
quency range of I MHz-lO0 GHz will be determined, ENERGY. Eqan, U.; Cox, C.; fteinhardt, T. (Uiv.
and the results ,iill be interpreted in terms of Surveillance hazard Evaluations and Field Studies,
the quantity and nature of the free water and water HEW, PHS, Center Disease Control, NIOSH, 4676
of hydration that are present. If the study veri- Columbia Pkwy., Cincinnati, OH 4226).
fies current evidence that suggests that the water
structure is different for normal and malignant bee Current Research 0472 for description of this
tissue, then the identification of a frequency research. (fundinq period 10/77-9/81)
region where cancer cells absorb more radiowave
or microwave energy than normal cells will be Supporting Agency:HEW, PHS, Center Disease Control,
attempted. Thus far a microwave probe has been NIOS1I
devised and tested on tumor-bearing mice; good
localization of heat in the tumor has been achieved.
TDS methods specifically suited to the determin-
ation of the permittivity and conductivity of very 0561 DNA DAMAGE/REPAIR BY ENVIRO1MENTAL CAR-
lossy materials have been designed and tested. CINOGENS/MUTAGENS. Haseitirse, W. I.;
(funding period 19/77-9/82) Martn, R. F.; Simon, M.; RoyerPokora, L.; Willum-

sen, B.; Gordon, L. (Sidney Farber Cancer Inst.,
Supporting Agency:Cancer Res. Campaign (England) Inc., 44 Binney St., Boston, MA 02115).

Mechanisms whereby deoxyribonucleic acid (DNA)
lesior.s created by environmental agents, such as

0558 MICROWAVE EFFECTS ON CNS. Albert, E. N. microwaves, are fixed into genetic lesions will be
(Dept. Anatomy, Z-h. Medicine & Health investigated. The study will include the identifica-

Sciences, George Washington Univ., 2121 Eye St. tion of new enzymatic repair activities and the
N.W., Washington, DC 20037). site of DNA sequence and an analysis of the

The effects of both acute and chronic exposure of relative frequencies of the different types of da-
microwave frequencies coimnon for Navy equipment on mage and of the effect of purified DNA repair en-mecerwae frerouns cotmon or Nhaneeqmnts on zymes on a variety of DNA lesions. In addition,the central nervous system of Chinese hamsters and specific enzyme defects in cells derived from
other small rodents will be investigated. The ptet ihgntcdfcsta novanimals will be exposed to low power density micro- patients with genetic defects that involvewave fields for 1 hr-60 days, and the histopatho- faulty DNA repair (such as xeroderma pigmentosum,

ataxia telangiectasia, retinoblastoma, Franconilogic effects and alterations of the blood-brain anemia, and Ifutchison-Gilfard progeria) will be
barrier will be emphasized. Special neurocyto- analyzed. Enzymes will be purified from bacteria
logic stains for determining degenerating axons, and eukaryotes, and DNA templates of defined se-
terminal boutons, dendritic spines, myelin, general quence that have been modified by environmental
cytoplasmic appearance, and gliosis will be used to agents will be used as substrates for DNA and
study the results. In addition, the subcellular ribonocleic acid polymerases and endo- and exonu-
aspects of neurons and glia will be examined by cleases. Protein purification procedures will be
electron microscopy, and labeled amino acids, ions, applied to characterize the enzymes involved.
and protein transport across the blood-brain bar- (funding period 7/79-12/80)
rier will be studied by autoradiography. Thres-
holds for observed effects will be determined in
terms of both exposure intensity and exposure dur- Supporting Agency:HEW, PHS, NII, M i
ation. (funding period 5/78-n/a)

Supporting Agency:U.S. Dept. Defense: Navy, Office
Itaval Res. 0562 COLLABORATIOIJ ON AlH IMPLANTABLE RF STIMU-

LATOR. Ko, W. H. (Case Western Reserve
Univ., Case Inst. Technology, 2040 Adelbert Rd.,
Cleveland, OH 44106).

0559 ACCELERATION OF FRACTURE HEALING BY ELEC- An implantable radio frequency stimulator will be
TRICAL FIELDS. Brighton, C. T.; Frleden- developed. This project is part of a broader pro-

berg, L. B.; Glack, J.; Jiminez, S.; Pollack, S.; gram to develop a Biomedical Electronics Resource
Steinberg, M.; Heppenstall, R. B. (Dept. Orthopedic Center to service the national community in micro-
Surgery, Sch. Medicine, Univ. Pennsylvania, 36th and electronics and instrumentation. The Resource
Hamilton Walk, Philadelphia, PA 19104). Center, located In the Engineerinq Desiqn Center of
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Case Western Reserve University, provides additional T.; Rudzinski, W. (Dept. Biology, Sch. Arts and

equipment to update the existing research facili- Sciences, Univ. Puerto Rico, Mayaguez Campus, PR
ties in microelectronics and integrated circuits, 00708).
medical instrumentation, and mechanical design to
provide service, training, and research in bio- To further develop and stimulate biomedical re-
medical electronics. The major groups in the Re- search and training among faculty members at the
source are: a Microelectronics Technology Labora- University of Puerto Rico, five new projects are pro-
tory for implant instruments, medical transducers, posed. One of the projects will Involve the study
and solid state electronics technology; a Medical of microwave exposure spectroscopy of effects on
Instrumentation Laboratory for research prototype microorganisms, comparison of normal and abnormal
design and development of practical health care tissue, and study of cell membrane features. (fund-
instruments; a Package and Quality Assurance Lab- ing period 9/77-2/80)
oratory to establish and operate facilities for
packaging medical instruments and perform final Supporting Agency:HEW, PhS, 141H, Div. Res. Resources
testing of devices and instruments; and an Edu-
cation and Training Group to interface with asso-
ciated medical research groups to disseminate the
information to other research institutions and in- 0565 ENVIRONMENTAL INTERACTIONS WITH THE AGING
dustrial organizations. The research results, PROCESS. Sacher, G. A. (Div. Biological
design service, and training opportunities will and Medical Res., U.S. Dept. Energy, 9700 S. Cass
be provided by the Resource to the local and na- Ave., Argonne, IL 60439).
tional biomedical community. (funding period
12/77-11/79) The effects of environmental pollutants, such as

high-voltage electric fields, on the daily (diel)
Supporting Agency:HEW, PHS, NIH, Div. Res. Re- cycles of energy metabolism, motor activity, and
sources body temperature will be studied in small rodents.

The initial phase of work with pollutants will

0563 EFFECTS OF MICROWAVES ON NEUROENDOCRINE be focused on radiation variables including both

FUNCTION. Lu, S.; Michaelhon, S. M. ionizing and nonionizing; the nonionizing radiation

(Dept. Radiation Biology anJ Biophysics, Sch. Medi- will include 60-1iz electric fields and 2,450-MHz
cine & Dentistry, Univ. Rochester, 601 Elmwood microwaves (as produced by the proposed Solar Power
Ave., Rochester, NY 14627). Satellite system). The effects of each pollutant

will be characterized and then analyzed to deter-

Research to examine and delineate physiologic regu- mine whether subsequent health effects can be pre-

lations (neuroendocrine function) and tissue in- dicted. Diel cycles of metabouism, activity, and
juries (serum enzymes) in microwave exposed rats temperature will be logged continuously and auto-
free of nonspecific stresses will be conducted. matically for several mice simultaneously for pen-
The quantitative relation among power densities, ods up to 2 weeks. The search for indicator-vari-

ables has been limited to energy expenditure vari-
body temperatures, and neuroendocrine functions
or tissue injuries will be assessed. Specific ables; thus far, three variables have been identi-

attention will be paid to the interrelation of fied that predict the length of life, i.e., rest-

hypothalamic-hypophysial/thyroid/adrenal somato- ing metabolic rate (negative correlatio), ratio
trophic axes in microwave exposed animals, The of average to resting metabolic rate (positive

interaction of previous exposure on responses or correlation), and change of metabolic rate from youth

injuries of rats to .ubsequent exposure will also to old age (negative correlation). The search will
now be extended to the activity and temperature

be investigated. Recovery or manfesation of variables, which have become functional only re-
acute neuroendocrine perturbances or tissue in- cently. (funding period 0/79-n/a)
juries by microwave exposure will be attempted.
Rats will be acclimated to experimental procedures;
a 3-hr equilibrium period will be given before Supporting Agency:U.S. Dept. Energy, Office Health

each microwave exposure. The proposed project will & Environmental Res.
extend from single to repeated (60 times, 4 hr/day)
exposure to 2,450 MHz continuous wave microwaves
in the far-field at 0.1-40 mW/cm

2 
or the equivalent

specific absorption rate. The absorption rate will 0566 HUMAN RESPONSES TO THE THERMAL ENVIROtl-
be determined for an interspecies and interlabora- MENT. Stolwijk, J. A. (Pierce Lab.,
tory rate. The exposure techniques (single- versus John B. Pierce Foundation Connecticut, 290 Congress
multi-body) will be compared. (funding period 1/79- Ave., New Haven, CT 06519).|. _ 7/80)

As part of a research program to investigate human
Supportinq Agency:HEW, PHS, NIH, NatI. Inst. En- responses to the thermal environment, the thermal
vironmental Health Sciences and nonthermal effects of microwaves will be stud-

ied in nonhuman primates using a combination of
physiologic and behavior techniques. Objectives

0564 SUPPORT FOR STUDIES OF BIOMEDICAL SCI- of this program include a better understanding of

ENCF.S. hiiskin'.i, G. W.; delCastillo, J.; the effects of the thermal environment, identifi-

Roman. J.: Sahai, H.; Herndon, A.; Arbona, J.; Jao, cation of vulnerable segments of the population,
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and the development of strategies for effective pro- cerebrospinal-fluld (CSF) barrier. There Is no

tection of such vulnerable individuals and for eval- evidence in rats that subconvulsive, microwave-

uation of public health consequences of energy con- induced fevers of short duration (<30 min) pro-

servation strategies. (funding period 6/77-5/80) vide access to CSF (i.e., to the brain) by ex-
perimentally induced antibody. The peak titer of

Supporting Agency:HEW, PHS, NIH, Nati. Inst. En- serum antibody (in response to pneumococcal anti-

vironmental Health Sciences gen) is variably suppressed or augmented by the
febrile treatments, but the evidence is not sta-
tistically significant. (funding period 9/77-8/80)

0567 BIOPSYCHOLOGICAL STUDIES OF MICROWAVE Supporting Agency:HEW, PHS, FDA, ORH

IRRADIATION. Justesen, D. R.; Levinson,
D. M.; Chernovetz, M. E.; Wo.re, V. 6. (Dept. Psy-
chiatry, Medical Center, Sch. Medicine, Univ. Kan-
sas, 39th St. and Rainbow Blvd., Kansas City, KS 0568 INTERACTION OF DNA DOUBLE HELIX WITH

66103). E. M. FIELDS. Prohofsky, E. W. (Dept.

Physics, Sch. Science, Purdue Univ., ExecutiveData collected to date from a 3-yr study of longev- Bldg., West Lafayette, IN 47907).

ity of mice that were exposed in utero to near-

lethal doses of 2,450-MHz microwave radiation demon- The absorption of several duplex deoxyribonucleic

strated an increased mortality among control and acid homopolymers in the microwave frequency region
radiated animals. Spontaneous tumors appeared in will be calculated. The calculations will be rigid
two controls (n = 81) but not in radiated mice ion calculations based on calculated eigenvectors,
(n - 83). The acute studies focused on distribu- and will be made for various helix lengths and for
tions of thermalized energy in the brain and lower kinked or bent helices. (funding period 9/78-8/80)
body of anesthetized rats, guinea pigs, and rabbits
during brief, but near-lethal, exposures in a Supporting Agency:HEW, PHS FDA
2,450-MHz multipath field. Pre-exposure tempera-

tures within an animal differed anatomically by 0.5-
* I K (e.g., colon versus superficial cortex); radi-

ation-induced whole-body ATs of 4.5-12 K were
associated with altered distributions that differ 0569 SMALL DROPS IN ELECTROMAGNETIC FIELDS.
both anatomically and among species. Continuing Morrison, C. A. (Electronics Res. and
studies of escape behavior by rats in intense 918- Development Command, Harry Diamond Lab.. U.S. Dept.

MHz multipath fields confirmed that irradiation per Uefense, Army, 2800 Powder Mill Rd., Adeiphi, MD
se, even at levels that prove lethal within min- 20783).

utes, lacked the sensory salience to promote es-
cape learning; however, pairing of photic (and to The theoretical effect of electromagnetic fields
a lesser extent, acoustic) stimuli as sensory cues on the dynamic properties of small drops will be
with irradiation can reinforce successful escape, investigated. Rayleigh's theory of small drops
Twelve pilot studies have been completed to de- oscillations will be extended to include the ef-
termine optimal conditions for adjuvant treatment fect of electromagnetic fields on the dynamic prop-
by microwave hyperthermia of experimentally in- erties of dielectric and charged conducting spheres.
duced glioblastoma in rats. Formal studies will (funding period 3/79-n/a)
begiii this year. Complementing the work on glio-
blastoma is recent pilot work on the role of fever Sutpporting Agency:U.S. Dept. Defense: Army, Elec-
in transfer of circulating antibody across the tronics Res. £ Development Command

Io
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CURRENT LITERATURE

6388 ORIENTATION OF ANIMALS IN SPACE AND TIME. opaque structures approximately 0.08-0.15 um

(Ger.) Lindauer, M. (Zoologisches In- long and with an approximate length-to-width ratio

stitut, Universitat Wurzburg, D-8700 Wurzburg, W. of 4:1. Electron probe analysis revealed that

Germany). Rev Phyaiol Biochem Pharmacol 85: 1-62; these particles are rich in iron. Additional mi-

1979. (133 refs) croscopic observations and measurements of Curie
temperature led to the conclusion that the primary

Studies on the optical, chemical, and mechanical magnetic component is magnetite.

orientation of animals in space and time are re-
viewed. Previous experiments have demonstrated
that the orientation system of electric fish is 6390 INFLUENCE OF THE EARTH'S MAGNETIC FIELD
based on the emission of electric impulses (0.1-4 ON THE COMB BUILDING ORIENTATION OF NOR-
msec) by the electric organ that produces an elec- NETS. (Fn..) Kisliuk, M. (Dept. Electronics, Sch.
tric field around the body. The disturbance of this Engineering, Tel Aviv Univ., Ramat-Aviv, Israel);
field by any object having an electric conductivity Ishay, J. S. Experientia 35(8): 1041-1042; 1979.
different from that of water is perceived by spec;- (5 refs)
fic receptors. These receptors are sensitive to
changes in potential of as little as 0.03 PV/cm. To investigate the influence of the earth's magnetic
Birds, insects, and bees are sensitive to changes field on comb-building orientation, hornet workers
in the earth's magnetic field and can use its vari- (Vespa cpentaZis) maintained in artificial breeding
ation for orientation. Other studies have demon- boxes in groups of 10-20 individuals were placed
strated that these animals may be disoriented in both inside a solenoid and at some distance from it
shielded space or in an artificial magnetic field, in the same room. Experiments were conducted with
In the honey bee, the direction of the axis of the adult worker hornets more than I-day-old and with
waggle dance, communicating the direction in which juvenile hornets. The maximum current In the sole-
to find the food, is consistently misdirected by noid's coil was 37.2 mA (inverted natural field).
the earth's magnetic field. The degree of mis- The introduction of a magnetic field that counter-
direction correlates highly with the daily vari- acted the vertical component of the earth's field,
ation in the total intensity of the earth's mag- thereby creating a zero field, resulted in complete
netic field. In the absence of other timers, the disorientation of both adult and juvenile hornets.
daily variations in the magnetic field are used by The mortality rates for adults and juveniles in

the honey bee as an external clock, this zero field were 25% and 70-90%, respectively.
Adult hornets built cells or even small combs in
which they deposited eggs, whereas juvenile hornets
showed almost no building activity. Neither adult

6389 PIGEONS HAVE MAGNETS. (in.) Walcott, C. nor juvenile hornets placed in pulsed fields (0.5
(Dept. Biology, State Univ. New York at sec pulse duration) averaged to zero showed any

Stony Brook, Stony Brook, NY 11794); Gould, J. L.; building activity; however, the mortality of adults
Kirschvlnk, J. L. 2encneo 205(4410): 1027-1029; and juveniles in this zero pulsed field was only
1979. (19 refs) 10-15%. Hornets placed inside an inverted magnetic

field needed 2-3 days to adapt but then proceeded
Evidence is presented to show that the ability of to develop and build in a normal manner. Hornets
pigeons to sense magnetic fiel!s may be associated placed in pulsed fields (0.5 sec pulse duration)
with a small, unilateral structure between the averaged to 50% of the natural field built regular
brain and the skull that contains magnetite in combs, albeit with cells almost twice the natural
what appears to be single domains (tiny unit mag- size, but their mortality rate was relatively high
nets). Tests for stable and superparamagnetic (20-65%). During zero field conditions, only two
domains in pigeons were performed with a SQUID mag- combs were observed; one attached to the ceiling
netometer after about 24 fresh, previously frozen, with two uncompleted cells and one attached to a
or perfused pigeon heads and necks were dissected, wall with two cells orineted at 40-50 degrees from
Permanently magnetic material was found in each of vertical. Both pedicles had an elliptical cross-
the pigeon specimens tested. The material was uni- section with the larger axis oriented in the north-
lateral and was located either in a small (I x 2 south direction, as opposed to the circular cross-
mm) piece of tissue between the dura and the skull section of normal pedicles. The following addi-
or was too closely associated with the skull to be tional phenomena were observed in two breeding
separated from it conveniently. About 40% of the boxes placed at both ends of the solenoid where
pigeons had a natural remanence (a net field due the axial field of the solenoid was not uniform:
to a preferential direction of alignment among the simultaneous building of combs on the ceiling and
many individual magnets) that ranged from 10- to on the side walls; combs with cells of different

* 10' electromagnetic units. All pigeons had an sizes; and cell walls containing considerably more
i,,lucible remanence (a measure of the total amount strips of cellulose than cell walls in control
of magnetic material) of 10 to 10- 5 electromag- boxes. The above results suggest that the ter-
netic units. The relatively weaker natural rema- restrial magnetic field is the main guideline for
nence and other observations suggest that the align- vespan building orientation.
ment amon( the single-domain magnets is only locally

5. regular. Few, if any, superparamagnetic domains
were found. Light and electron microscopy of
the naturally magnetic tissue revealed that it 6391 MICROWAVES CAN KILL INSECT PESTS. (Eu;.)
is richly supplied with clusters of electron- Hurlock, E. T. (Agricultural Science
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